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€ outline

¢ Arradiance MCP Process Overview
¢ Conductive film development

¢ Emissive film development

¢ Device Results

¢ Arradiance Status vs Milestones

¢ Observations
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Sample OD | Pore |L:D |OAR | MCPR #pores p Ratio
mm | D(um) (nom) | Target MQ (nom/DUT)
ARRNom |25 |10 40 |0.63 |100 2.904 x 10°
UCB1 25 |40 40 |0.65 |<500 2.539x 10° | 5
SN1-6 33 |40 40 |0.65 |100,500 4.424x10° |1
5
SN 1,2 33 |40 40 10.83 |100 5.649 x10° |5
MCP 23-44 |33 | 20 60 |0.60 |500 1.770x 10° | 0.5
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Process: conductive film

1200

1000

i

00

&30\‘5-,‘

@) e 1.E+16
= &0
& .. ) 1.E+14 -
el E y = 3E+20e~43-37x
o — e i —1 'E 1.E+12 - R*=0.9774
00 E
=
20| *eo-ovooonoooooo P _E‘i 1.E+10 1
w
00 2 \
| x 1.E+08 - - =
B EEEEEREE. -
e » 1.E+06 |
f y = TE+12e40.34
1.E+04 '\R==0.ssas
. ~_
1.E+02 - ‘w:
1.E+00 . . . | ~

% Concentration

20% 30% 40% 50% 60% 70% 80%

4 © 2004-2009 Arradiance® Corporation. All rights reserved.



é Process: Conductive film TCR - Bt < 0.01
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Process: Secondary electron yield & device gain

T METDATA Analysis Utility (V2.9.0)
File Edit Options Hide Data Set

SEY SUMMARY
METDATA Analysis Utility (\/2.9.0)
5
I FAHMANANRN GG AN R 23 78 RRY
GAIN SUMMARY
45 F1)5000374 F2)3000374_add2nmD2 F3)S000374_adddnmD2_350C
- METDAT A Analysis Utility
50000
40000 == F1) AGHD 10 M3 (10 2pA TEMO)Y
4 == (7 a0 1 566 B iph avmOy
30000 ~t—¢~ F3) F1OND 10308 {10204 35tmy
20000
35
10000
7000
3 5000
4000
- C 3000
Ll 2.5 ¥
P ¢y 2000
9 1000
700
500
15 400
300
200
1
100
o ) = (o] = = o ) = o = = o = = o = = = = =
05 28 82 & 2 F 8 2 B R R 8 8 &8 438 - 2 8 8
Bias(V)
D I
= L) = = = = = = ) = ) = L) = ) = ) = L) = )
(¥ = L = L = L ) L ) L = L ) L = L = L =
-— -— o4 ol «“ % -+ -+ (S} [Er) (=] o ~ ~ [==] L= {==] o =
Average Landing Energy(eV)

6 © 2004-2009 Arradiance® Corporation. All rights reserved.



Results — Incom 40:1, 40um, 65% OAR
Nov 2009

MetData Report For INCOM 031610

ARRADIANCE Substrate DataBase (V1.2.1)

Metrology Data File Report Detail anef2010
Supplier Lot Description LotID MetData at 700 and 1000V
Serialit MDOate System  Fllename Cust Created Modified Last R(MO) WAX Gain
INCOM INC-GCA-D25-P40-L40-065-B8 111209 (S0 08.186) INC-D25-P40-L40-065-B8
S000022[UCE) Wzoioa CUEBE uchltut Argonne Wzoioa MW2410910:50 AN 419 396 1070 48,703
FTIMETDATA Analysis Utility (V2.9.0) AER FTIMETDATA Analysis Utility (V2.9.0) [AER
IV SUMMARY R(MO) GAIN SUMMARY
ucht ueh1
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Results - UCB SSL Test

¢ Project Milestone 5.1 met 6 months ahead of schedule!

Space Sciences Laboratory, University of California, Berkeley

SSL-UCB, ALD/Incom MCP Test

* Incom substrate
* 40um pores, 8 deg bias, 40:1 L/D
» Sent to Arradiance for resistive and
emissive layer application + electrode
* Resistance approx 750 MQ in vacuum ok Tl ol ,_, S st e &
» Arradiance tests show 50,000 gain @ 1000v @ UV Scrub 25mm 40um 40:1 ALD MCP
« UV - bright image, no light - black! Starts at Blas = 700V, gain x1000, 0.6pA, change to 850v, 0.8pA at 0 03Cieny

; ALDMOP Scrub Redath v Gala vo Ealractid Charge
* Tested as a single MCP + Phosphor

* It works! We have a functional, uniform, and i Quite stable after 0,03 Clem?
stable (1hr) MCP using borosilicate and ALD. K vs 0.2 Clem? for normal MCP
* Project milestone under 5.1 year 1 deliverable g ‘o ‘-\
B i

Evvwmernd € harge (0 om )
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Results - Incom 40:1, 40um, 83% OAR
Feb 2010

MetData Report For INCOM 031610 ARRADIANCE Substrate DataBase (V1.2.1)
Metrology Data File Report Detail 362010
Supplier Lot Description LotID MetData at 700 and 1000V
Seriak MDate System  Fllename Cust Created Modified Last R(MO) MAX Gain
INCOM INC-GCA-D33-P40-L40-083-B8 011310 (S0 08.186) INC-D33-P40-L40-083-B8
S0000(1) JUEN ] CLEE S00003 . Argonne JUEN ] 11310 850 PM 513 614 213 41,243
SO00032[2] 21210 CUEBE SO000:32_ 3500 ka Argonne 201410 214410 5:37 PR 465 460 2.1 27461
SO00032[2) 21210 CUEBE SO00032.kxt Argonne 21210 2012M0 217 PR 439 435 1432 28,028
SO000F3[3] 201710 CUEBE SO000:33_350C Argonne 21310 200810 11:11 AR H7 ars 1752 ar.ns2
SO00033[3) 21710 CUEBE SO00033kxt Argonne 21710 21810 11:46 AR 403 398 1245 22567
S000034[4) 2130 CLEE S000034_350C.me Argonne 202110 2023101153 AM M 102 1207 E2,551
SO00034[4] 21310 CUEBE SO000:34. tat Argonne 21310 219M0 12:37 PR 93 98 1372 42487
S00003E(E) 2H23M0 CLEE S000036_350C.me Argonne 21240 240 208 PM 101 100 18286 g
SO0003E[E] 212310 CUEBE SO0003E kxt Argonne 212310 202310 231 PR 1 94
SO00035[5) 2024410 CUEBE SO000:35_350C ks Argonne 2024410 2024M012:45 PM TE 74 227 92876
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Results - Incom 40:1, 40um, 65% OAR
Feb 2010

MetData Report For INCOM 031610 ARRADIANCE Substrate DataBase (V1.2.1)

Metrology Data File Report Detail 3M6/2010

Supplier Lot Description LotID MetData at 700 and 1000V
Serial# MDate System  Fllename Cust  Created Maodified Last R{MOD) MAR Gain

INCOM INC-GCA-D33-P40-L40-065-B8 011310 (S0 08.186) INC-D33-P40-L40-065-B8

S000023[1) 2025M0 CUBE SO00029_350C Argonne 202510 202510 715 P 45 45 1912 094,044

S00003002) 2126010 CUEE S000030_350C kxt Argonne 2028010 ZIZEM0 1142 AN 32 #H 1734 21563

;
FTIMETDATA Analysis Utility (V2.9.0) E)E)[] | MM METDATA Analysis Utility (v2.9.0) EEKR

File Edit ©Options Hide Data Set File Edit Options Hide Data Set
1Y SUMMARY R{MO) GAIN SUMMARY
F115000029_350C F 2)5000060_350C FA)S000029_350C F2S0000:0_350C
ME DT & Analysis Utility (2.9.00 WETDATA Biaks Uty @280
=5 . 100000
L] —— FI) 20500 5523 (51 pérblghepo SMFLD2 4 HET 4500
22250 10000 —— F2) 20600 102112 0. g SHIRD2 + MET 4350
525 50000
30000
a0
20000
475
1000
45 1000
. 5000
) =
= 425 ‘= 30m
= [n]
o
nm
40
1000
i) 100
500
<3
300
e il
30 100
o ) = fe=] = ) = ) = ) = o] = ) = ) = fe=] = ) = = el = e = el = e = el = e = el =1 e = el = e =
s =) L =] "5} o L f==] o ) L [=) Ll o Lo f=] L =) = o ') — = o4 I'e) — = o 's) — = o4 'r — = o ['s) — =
Bias(v) Bias(V)

10 © 2004-2009 Arradiance® Corporation. All rights reserved.



11

Results - Incom 66:1, 20um, 60% OAR
March 2010
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Results UCB SSL Imaging / photon countingTesting:
S000376 & 372 R~ 414/412 MQ; Gain 18k/20k @ 1kV

N Arradiance ALD/Incom 20pm MCP Pair Test

MCP Pair voltage 2400v
Gain Map - UV SSI. _

Image - UV

Arradiance ALD/Incom 20um MCP Pair Test

Sl

Gain - pulse height histograms. UC Bercley

Poor PHD due to poor gain in the
multifiber edges. Needs slightly higher

Moire pattern due to pore interference. Gain is higher in center, due to gap,
Strong multifiber edges, top, bottom, MCP. slight voltage than the 40pm 40:1 MCPs.

6 10°

MCP warping. Bad triple point gain.
P, 2100v

AL e MCP Pair Vozage

D0 210° 410° 81 g10° 1107
) Gain : 4 Dark image, 300 sec, ~18 event cm2
Galn-voltage fora 20pm, 60:1, 65% SeC-1, mostly due to low gam hOtSpOtS

OAR Incom/ALD MCP pair
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Results: Prototype AAO sample from Synkera — March 2010

€ Pore size < 500nm
¢ 100 - 200 nm NiCr electrode processing (100nm 3
sigma variation).
¢ Estimated MCP turn on (unity gain) voltage >1800V.
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Programmatics

€ Year 1 deliverables

¢ Optimize Arradiance thin film technology process & process equipment to meet
base performance requirements for LAPR-TOF glass & small sample AAO
substrate prototype development.

¢ Work Plan Deliverables:

¢ ALD emissive and resistive films meet gain, resistance & uniformity
specifications.

¢ Process & test up to 20 Incom & 20 AAO (or glass, depending on
availability) MCPs.

¢ Proof of Principle Report to the project
¢ Year 2 deliverables

¢ Optimize Arradiance thin film technology process & process equipment to meet
base performance requirements for batch processing of small format (33mm)
AAO and Incom substrates.

¢ Work Plan Deliverables :

¢« Report on high surface area production process resistance & gain targeting
on small format (33mm) AAO and/or Incom substrates of pre-determined
geometry (up to 3 geometry variations).

¢ Argonne-supplied substrates [AAO or GCA] coated in a high surface area
environment.

¢« Report on correlation & optimization of SEE between Argonne & Arradiance
for standard or alternative D2 process.

¢« Final report and test data of all results from high surface area project.
14 © 2004-2009 Arradiance® Corporation. All rights reserved.
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DOE SBIR Funded! Start July 2010

¢ Large Area -> 8"

¢ DOE SBIR Proposal w/
University of Chicago

¢ Funding from current
DOE $$$'s?
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Company: Arradiance Inc.

Principle Investigator: Meal T. Sullivan

Project Title: Efficient manufacture of extreme surface area Microchannel plate devices
functionalized by atoemic layer deposition thin films

Topic 61, Subtopic a

The work propossd in this SBIR proposal is intended to follow the basic R&D effort of a
consortium of national laboratories, universities, and industry, led by Argonne National
Leboratory and the University of Chicago for the dewvelopment of new, large arss, photo-
detector devices. This project proposes to address the commercialization gap that exists
between the proof-of-principle large area photo-detector (LAPD) program and the efficient
manufacture of large area Microchannel plate devices using atomic layer deposition (ALD). For
programs such as the Deep Underground Science and Engineering Laboratory (DUSEL) project
and other applications in high energy physics, medical discovery and diagnostics and homeland

security applications this will be transformational.

Arradiance, as the key commercial ALD component of the Argonne LAPD collaboration, will
develop productive recipes, without sacrificing MCP performance, for the LAPD device. In
parallel, Arradiance will develop production eguipment that can effectively and efficiently
produce the large area MCP devices, in which a single 8" square device comprises the same

surface area as nearly 100 state-of-the-art 300mm integrated circuit wafers.

The technigues required for large-scale commercial ALD production of LAPD a family of large-
area robust detectors that can be tailored for & wide variety of applications for which large-area
economical photon detection would be transformational. We believe that the success of this
program, namely efficient coating of high surface area MCP devices, has the potential to extend
far beyond this niche of ALD application and could impact other applications where ALD is used
to coat extremely high surface area materials in technology areas such as: catalysis, fuel cell,
energy storage and filtration.

Key Words: microchannel plate, atomic layer deposition, special nuclear material detection,
particle physics, medical imaging, advanced detectors, nanomaterials, nanomanufacturing, thin
films

Summary for members of Congress:

Efficient manufacture of extreme surface area Microchannel plate devices functionalized by
atomic layer deposition thin films is an essential component of next generation high energy
physics detector designs as well a5 novel detection applications in medical discovery and
diagnostics and homeland security applications.



